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Abstract
The problem of Nonlinear Landau damping of circularly polarized EM waves in dusty
plasma is presented here. A generalized set of Zakharov equations is derived for special
cases with one extra nonlocal term coming from Landau damping. Then under different
conditions, kinetic nonlinear Schrödinger (KNLS) equation is constructed and nonlinear
decrement is obtained for two cases. It is noticed that time dependant term in the pondero-
motive force plays significant role for this kind of damping. Additionally, it is shown that
NLD leads to the amplitude modulation of dust-whistler wave. It is also demonstrated that
how this de-accelerates the soliton.
1. Introduction
Concept of Landau damping has proved a milestone having applications both in laboratory
and space plasmas. However, the study of nonlinear effects inwave particle interaction have
become topic of growing interest and both simulations and analytical treatment have been
used to study this problem in various ways(1, 2, 3] . However in the present work, physical
mechanism underlying this so-called collisionless Landau damping is rather different, we
will show analytically how the nonlinear term in the average kinetic Vlasov equation leads
to the nonlinear Landau damping effect which is exponential in nature. The idea is nonlinear
interaction of helicon waves with plasma (wave-wave- particle interactions) leads to the
appearance of plasma-wave beats with frequencies ω − ω′ and wave vectors k − k′. The
resonant interaction between these beats and the particles ω−ω
′
|k−k′ | = vα leads to nonlinear
Landau damping (NLD), (here vα is the thermal velocity of the species α).
2. Mathematical model
We consider a situation in which a circularly polarized EM (whistler) wave is applied to
anisotropic plasma containing electrons, ions and massive dust grains. For whistler waves
propagating along external magnetic field Bo(0, 0, Bo), we obtain following Schrödinger
1
equation
i
(
∂
∂t
+ vg · ∂
∂z
)
A+
v
∗
g
2
∂2A
∂z2
+ ωo
(
Zdδnd
n0d
)
A = 0 (1)
here vg =
2koc
2ωcd
ω2
pd
is the group velocity which is twice more than phase velocity of
the circularly polarized electromagnetic (helicon) wave ωoko , and v
∗
g =
c2ωcd
ω2
pd
. ω2pα =√
4πe2n0α
mα
and ωcα =
eBo
mαc
are the Langmuir and cyclotron frequencies of the α species
respectively.
Our aim is to study the nonlinear Landau damping of dust helicon waves, for this write
down the average Vlasov’s equation
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where 〈E〉 = −∇ϕ is the electrostatic field due to the ponderomotive force FN.L. Eq. (2)
is known as kinetic equation for the slowly varying distribution function of particles, which
embodies a new time dependent force due to the intense EM field, in addition to the usual
Lorentz force(4]
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where ± represents different polarizations. Here we shall assume equilibrium distribution
function f0α to be Maxwellian, we get
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−x2
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2 has asymptotic expressions(5] .
To take into account the low frequency dust acoustic waves, we use the inequality
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k
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Now we can separately describe the expressions for the number density of electrons, ions
and dust grains from Eq.(3) as
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similarly for dust
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Substituting Eqs.(5,6) into the quasi-neutrality [δni(k, ω) = Zdδnd(k,ω)] and taking in-
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verse Fourier transformation, we obtain a Zakharov type of equation(
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. Second term in the l.h.s of Eq.(8) is know as nonlocal term.
Now we obtain damping rates for two cases. For the first one, we consider the quasi-
stationary limit by assuming
ψ = ψ(ξ, t), δnd = δnd(ξ, t), (9)
ξ = z − upξ, ∂
∂t
<< vg
∂
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we obtain the new KNLS equation with nonlocal nonlinearity.
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represents the nonlinear Landau damping of circularly polarized EMwaves on ions. where
It is to be noted that above equation has been obtained by multiplying Eq. (8) with the
operatorM = 1 + βP
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Nonlinear decrement with constant ψ0 is given as
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which clearly shows that the decay is independent of both the subsonic and the supersonic
regimes.
For the second case, considering group velocity of helicon waves almost equals to the
dust-sound speed i.e., (vg ≈ Uo) and thus we obtain
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From equations (11) and (13), we conclude that for the NLD of whistler waves, time de-
pendant term in ponderomotive expression is dominant than the space dependant term.
NLD drastically changes the physical picture of the modulational instability of whistler
3
waves. We shall use in Eq.(12) the Madelung’s representation(6, 7]
ψ = a(ξ, t)eiϕ(ξ,t)
where the amplitude a(ξ, t) and the phase ϕ are real quantities, we seek plane wave solu-
tions proportional to exp i(qξ −Ωt), and obtain dispersion equation
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since ReΩ >> ImΩ, so we have oscillatory instability.
Now we shall demonstrate how the nonlinear Landau damping term leads to the ac-
celeration of solitons which can radiate dust-acoustic wave. Writing down the solution of
Schrödinger equation in the form
|ψ| = F (ξ − ξ(t))Exp(iϕ(ξ, t)) (17)
where F and ϕ are real quantities. ξ(t) is the co-ordinate of center of localization of the
whistler wave. Introducing
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we can limit ourselves in the expansion to first three terms only
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Assuming that the maximum value of the amplitude F = Fm corresponds to the point
ξ = ξ(t), and the conditions
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are satisfied, we get well-known equation
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here Ψ = χ−1/2F, above has solution of the form
Ψ = ΨmSech
1
∆l
(
ξ − ξ(t)) (22)
while the width of the soliton is equal to ∆l =
√
2
Ψm
, we determine the acceleration of the
4
soliton ••
ξ (t) = −21β√
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where ζ(3) is Reimann Zeta function. Eq. (23) shows that during the nonlinear interaction
soliton transfers some of its energy to ions and eventually its motion is slowed down while
its amplitude (Ψm) remains constant.
3. Conclusions
Wehave considered the nonlinear propagation heliconswaves in a collisionless dusty plasma,
taking into account the nonlinear Landau damping effect. For the one dimensional nonlin-
ear propagation, we have obtained a generalized set of Zakharov equations containing both
local and nonlocal nonlinear terms, later coming through the NLD. It has shown that when
the group velocity of helicon waves resonates the dust-acoustic speed, then in the KNLS
equation remains only a nonlocal nonlinear (NLD) term. It is also shown that the NLD
term leads to the modulational instability and maximum growth rate is obtained. Finally,
we have shown how the wave-wave particle interaction leads to slowing down the acceler-
ated soliton.
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